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(57) In one embodiment, a method of increasing a 
durability of a drill bit having a bit body with at least one 
blade disposed thereon, at least one cutter pocket dis- 
posed on the blade, and at least one cutter disposed in 
the cutter pocket is disclosed. The method includes 
brazing the at least one cutter to the at least one cutter 
pocket so that a braze material disposed between the 
at least one cutter pocket and the at least one cutter 
comprises an exposed surface, and overiaying at least 
a portion of the exposed surface with a hardfacing ma- 
terial, wherein the hardfacing material includes a binder 
having a melting point selected to avoid damaging the 
cutter. In one embodiment, a rock bit including a matrix 
bit body having at least one blade thereon, at least one 
cutter pocket disposed on the blade, at least one cutter 
disposed in the cutter pocket, a braze material disposed 
between the cutter and the pocket, the braze material 
having an exposed surface, and an overiay coating ap- 
plied proximate to the at least one cutter, wherein the 
overiay coating is adapted to cover an exposed surface 
of braze material proximate to the at least one cutter is 
disclosed. 
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Description 

Background of Invention 
Field of the Invention 

[0001] The invention relates generally to drill bits that 
have polycrystalllne diamond compact ("PDC") cutters 
thereon. 

Background Art 

[0002] Potycrystalline diamond compact fPDC") cut- 
ters have been used in industrial applications including 
rock drilling and metal machining for many years. In 
these applications, a compact of polyciystalline dia- 
mond (or other supertiard material such as cubic boron 
nitride) is bonded to a substrate material, which is typi- 
cally a sintered metal-carbide, to fbnn a cutting struc- 
ture. A compact is a potycrystalline mass of diamonds 
(typically synthetic) that is bonded together to form an 
integral, tough, high-strength mass. 
[0003] A PDC cutter may be formed by placing a ce- 
mented cari!)ide substrate into the container of a press. 
A mixture of diamond grains or diamond grains and cat- 
alyst binder Is placed atop the substrate and com- 
pressed under high pressure, high temperature condi- 
tions. In so doing, metal binder migrates from the sub- 
strate and passes through the diamond grains to pro< 
mote a sintering of the diamond grains. As a result, the 
diamond grains become bonded to each other to fonfn 
the diamond layer, and the diamond layer is subse- 
quently bonded to the substrate. The substrate is often 
a metal-carbide composite material, such as sintered 
tungsten carbide (tungsten carbide/cobalt). 
[0004] An example of a rock bit for earth formation 
drilling using PDC cutters is disclosed in U.S. Patent No. 
5,186.268. Figures 1 and 2 from that patent show a ro- 
tary drill bit having a bit body 10, The lower face of the 
bit body 10 is fomned with a plurality of blades 16-25, 
which extend generally outwardly away from a central 
longitudinal axis of rotatbn 15 of the drill bit. A plurality 
of PDC cutters 26 is disposed side by side along the 
length of each blade. The number of PDC cutters 26 car- 
ried by each blade may vary. Each PDC cutter 26 is re- 
ceived and secured within a cutter pocket 27 in the re- 
spective blade and bonded to the pocket by brazing. 
[0005] U.S. Patent No 4.453.605. issued to Short, Jr., 
describes a typical method of brazing. In a typical braz- 
ing technique, a braze foil (which may be a silver brazing 
alloy, for example) is wrapped around a cutter. The 
braze foil is wrapped on the cutter in a manner such that 
the excess foil is allowed to protrude above a top side 
of the cutler. Thus, when placed in a cutter pocket, the 
excess foil protrudes through a gap in the cutter pockets 
(/.a, the gap is a clearance between the cutter and the 
cutter pocket). The bit head is then heated to a prede- 
fined brazing temperature of on the order of 1 300 ^F, but 



less than a thermal degradation temperature of the cut- 
ter. The system is allowed to coot, causing the braze 
material to harden, which fixes the cutter in the cutler 
pocket. Cooling may be perfomned by passing an inert 

5 gas over the drill bit. 

[0006] In one class of PDC bits. PDC cutters are 
brazed into the pockets of a matrix body. In these bits, 
the matrix material is typically infiltrated with binder ma- 
terials to form the body. In another dass of PDC bits, 

10 PDC cutters are brazed Into the pockets of a machined 
steel body, commonly referred to as "steel body PDC 
bits." While steel body bits have toughness and ductility 
properties which make them resistant to failure due to 
impact forces generated during drilling, steel is more 

15 susceptible to erosive wear caused by high-velocity drill- 
ing fluids and formation fluids which carry abrasive par- 
tides, such as sand and rock cuttings. Therefore, these 
steel bits are normally "hardfaced" with a hard, wear re- 
sistant coating to provkJe additional abrasive and ero- 

20 sive resistance. 

[0007] U.S. Patent 6,196,338, Issued to Slaughter, 
describes one typical method of depositing a hardfacing 
layer on a roller cone drill bit Hardfacing material gen- 
erally indudes a metallic component and a nonmetallic 

25 component. The metallic component can be any metal 
or metal alloy, such as iron, steel, nickel-based alloys, 
etc. The nonmetallic component generally indudes a 
hard material, such as carbide, boride, and/or nitride. 
The volume content of the carbide phase is generally in 

30 the range of about 25%-60%, depending on the partic- 
ular requirements. Examples of the cari)ides used in the 
carbide phase indude single crystal tungsten carbide, 
eutectic WC/WgC, sintered WC/Co, or a combination of 
the above. The balance of the hardfacing material is a 

35 binder matrix, which is generally in the range of about 
35%-75% of the volume of the hardfadng material. Of- 
ten, the hardfacing material is formed in the shape of a 
"tube," which is then heated by a torch to deposit the 
hardfacing material onto the cutter surface. Such a 

^ method is often termed "tube hardfacing." 

[0008] Typically, the hardfadng is applied to the entire 
bit. A hardfadng layer nriay be deposited onto the steel 
surface by the torch method mentioned above, by ther- 
mal spray, or altematively. the hardfadng material may 

<5 be deposited by an "arc process." In particular, a plasma 
transferred arc (PTA) welding process may be used. 
The PTA welding process uses a torch similar to a con- 
ventional plasma arc torch with an electrode grounded 
to the woric piece. The PTA system generally Indudes 

50 two power supplies: a pilot arc power supply and a trans- 
ferred arc power supply. In the PTA welding process, a 
pilot plasma arc is initiated between a tungsten elec- 
trode and a copper orifice with a water cooled electrode. 
An inert gas, such as argon, flowing through the orifice 

55 is ionized so that it initiates a secondary arc between 
the tungsten electrode and the bit, when the current is 
increased. Hardfacing powder of a suitebie composition 
is injected Into the plasma column by a carrier gas. A 
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molten pool forms on the bit in the arc transfer region. 
Fusion occurs between the deposited powder and the 

bit. 

[0009] Typically, after a hardfacing layer has been ap- 
plied to the bit body in a PDC bit, the PDC cutters are 
then brazed into the cutter pockets. However, as de- 
scribed above, a non-hardfaced region may exist be- 
tween the PDC cutter and the cutter pocket, called a 
"gap," herein. The gap is generally filled with the melted 
metal brazing alloy, which may be a silver brazing alloy. 
When the PDC bit is used to drill formations in a down- 
hole environment, wellbore fluids may erode the braze 
material around the cutter. The braze alloy is relatively 
soft as compared to the other materials and offers little 
erosion resistance. If the erosion becomes significant, 
the steel surrounding the braze deposit also becomes 
eroded, and a deep cavity forms around the PDC cut- 
ters. The strength of the braze may be reduced such 
that the PDC cutter may be forced out of the cutter pock- 
et, thereby altering a cutting structure and. e.g., a force 
distribution over the bit. If a significant number of PDC 
cutters are forced from their respective pockets, drilling 
operations may have to be stopped so that a new bit can 
be attached. 

[0010] What is needed, therefore, is a way to reduce 
erosion associated with braze alloy around PDC cutter 
elements. 

Summary of Invention 

[001 1] In one aspect, the present invention relates to 
a method of increasing the durability of a drill bit having 
a bit body having a hardfacing layer thereon, with at 
least one blade disposed thereon, at least one cutter 
pocket disposed on the blade, and at least one cutter 
disposed in the cutter pocket. The method includes 
brazing at least one cutter into a cutter pocket so that a 
brazing material disposed between at least one cutter 
pocket and at least one cutter forms an exposed sur- 
face, and overiaying the exposed surface with a hard- 
facing material. 

[0012] In another aspect, the present invention re- 
lates to a drill bit including a bit body having at least one 
blade thereon, at least one cutter pocket disposed on 
the blade, at least one cutter disposed in the cutter pock- 
et, a braze material disposed between the at least one 
cutter and the at least one cutter pocket, the braze ma- 
terial having an exposed surface, and an overiay coating 
applied proximate to the at least one cutter, wherein the 
overiay coating is adapted to cover the exposed surface 
of braze material proximate to the at least one cutter. 
[0013] In another aspect, the present invention re- 
lates to a method of increasing a durability of a dn1l bit 
having a bit body with at least one blade disposed ther- 
eon, at least one cutter pocket disposed on the blade, 
and at least one cutter disposed in the cutter pocket, 
where the method includes brazing the at least one cut- 
ter to the at least one cutter pocket so that a braze ma- 



terial disposed between the at least one cutter pocket 
and the at least one cutter defines an exposed surface, 
and overiaying the exposed surface with a hardfiacing 
material, the hardfacing material Including a binder with 
5 suffidentiy low melting point so as not to damage the at 
least one cutter. 

[0014] Other aspects and advantages of the Invention 
will be apparent fix>m the following description and the 
appended claims. 

10 

Brief Description of Drawings 

[0015] Figure 1 shows a prior art drill bit having PDC 
cutters. 

15 [0016] Figure 2 shows a prior art drill bit having PDC 
cutters. 

[0017] Figure 3 shows a drill bit comprising PDC cut- 
ters in accordance with an embodiment of the present 
invention. 

[001 8] Figure 4 shows an expanded top view of a sin- 
gle PDC cutter in accordance with an embodiment of 
the present invention. 

Detailed Description 

[0019] The present Invention relates to a method for 
reducing fluid erosion in brazed, hardfaced PDC drill 
bits, and a novel bit structure therefor. 
[0020] Figure 3 shows a steel drill bit body 90 com- 
prising at least one PDC cutter 100. The steel drill bit 
body 90 is fomned with at least one blade 91, which ex- 
tends generally outwardly away from a central longitu- 
dinal axis 95 of the drill bit 90. In the present embodi- 
ment, the steel drill bit body 90 includes a hardfacing 
layer (not separately shown) applied using any tech- 
nique known in the art, such as "tube," thennal spray, or 
arc hardfacing. The PDC cutter 100 is disposed on the 
blade 91. The number of blades 91 and/or cutters 100 
is related, among other factors, to the type of formation 
to be drilled, and can thus be varied to meet particular 
drilling requirements. The PDC cutter 100 may be 
fomned from a sintered tungsten cari^ide composite sub- 
strate (not shown separately in Figure 3) and a polycrys- 
talline diamond compact (not shown separately in Fig- 
ure 3), among other materials. The polycrystailine dia- 
mond compact and the sintered tungsten cari}ide sub- 
strate may be bonded together using any method known 
in the art. 

[0021] In the present embodiment, the blade 91 com- 
prises at least one cutter pocket 92 which is adapted to 
receive the PDC cutter 100, and the PDC cutter 100 is 
usually brazed into the cutter pocket 92. Figure 4 shows 
two PDC cutters 200 after brazing. Brazing may be ac- 
complished by any means known in the art, and no lim- 
itation on the scope of the invention is Intended by any 
specific reference to a particular brazing material and/ 
or method. In Figure 4, the PDC cutter 200 is surrounded 
by braze material 202. The braze material 202 is dis- 
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posed In the cutter pocket 204. The area between a sur- 
face 206 of the cutting element 202 and a leading edge 
of the cutter pocket 204 (i.e., a circumferential width of 
braze material 202) is ternied "d." After brazing the cut- 
ting elements 200, the drill bit Is subjected to an overiay 
coating 208. The overiay coating 208 is applied in an 
amount sufficient to at least cover a substantial portion 
of the area d. A typical bit will include a plurality of PDC 
cutters each in a corresponding pocket brazed or other- 
wise affixed to the bit body. 

[0022] In one embodiment, the overiay coating may 
be applied by a high velocity oxygen fuel (HVOF) spray 
process as described in U.S. Patent No. 5,535,838, is- 
sued to Keshavan et at., which is assigned to the as- 
signee of the present invention. Briefly, a spray axis of 
an apparatus for the thermal spray process is preferably 
aligned perpendicular to a surface of a PDC bit. The noz- 
zle of the apparatus then emits detonation waves of hot 
gases at very high velocities, the detonation waves en- 
training, for example, powdered tungsten carbide there- 
in. A fluid substance such as liquid carbon dioxide may 
be used to cool the PDC bit during the themnal spray 
process, thereby preventing the PDC bit from being 
heated above 400 *F. In this embodiment, a layer of 
hardfacing has been applied to the PDC bit prior to braz- 
ing the PDC cutters into the cutter pockets. Therefore, 
the overiay layer applied by the HVOF process acts Is 
a "second" hardfacing layer. 

[0023] Because the HVOF spray process imparts rel- 
atively low amounts of heat into the bit, the cutters (not 
numbered separately) disposed on the PDC bit are not 
damaged. The PDC bit temperature can be controlled 
by adjusting the coolant flow and deposition rate. The 
themial spray process is repeated many times per sec- 
ond, and after a selected thickness is reached, or after 
a selected time has elapsed, the apparatus or the PDC 
bit may be moved and the above process repeated. As 
a result, substantially all of area d (/.e., substantially all 
of the exposed braze material) may be overiayed with 
a hardfacing material. 

[0024] A typical tungsten carbide-cobalt layer (/.e., the 
entrained powder) may comprise a cobalt content of 
about 7 to 20 weight percent, a carbon content of about 
0.5 to about 6 weight percent, and a tungsten content 
from about 74 to 92.5 weight percent. However, depend- 
ing on the particular application, the relative weight per- 
cents of the various chemical components may be var- 
ied. 

[0025] In a second embodiment, the overiay coating 
is deposited over area d using a hardfacing material 
having a binder with sufficiently low melting point so as 
to not damage the PDC cutters during application. In this 
embodiment, the hardfacing binder is a brazing wire that 
is applied over area d by a torch separately from the 
application of the tungsten carbide particles. After ap- 
plying a base coat of brazing alloy 202, tungsten carbide 
particles are flame sprayed onto the braze deposit. Ad- 
ditional braze wire may be added to ensure bonding of 



the carit)ide particles. As a result, the deposited tungsten 
carbide and braze material together form a hardface 
overiay coating. Importantly, the entire area d does not 
have to be covered by the overiay coating to improve 
5 the durability of the bit. Any amount of overiaying coating 
that improves the durability of the bit by a measurable 
amount is expressly within the scope of the present in- 
vention. 

[0026] While the above embodiment makes reference 
to tungsten carbide particles, no limitation is intended 
on the scope of the invention by such a description, it is 
specifically within the scope of the present Invention that 
other "hard materials" such as transition metal oxides, 
transition metal nitrides, transition metal borides. other 
transition metal carbides, and alloys thereof may be 
used. In addition, no limitation is intended by the de- 
scription of the method of depositing the hard metal. 
Specifically, it is within the scope of the present invention 
that any method known to one skilled in the art may be 
used to apply the hard material. For example, the braz- 
ing alloy and the hard particles may be combined into 
solid or tube rod, or they may be mixed as powders and 
applied by powder deposition methods. In addition, 
while reference has been made to a steel bit body, it is 
specifically within the scope of the present invention that 
a matrix bit body may also be used in accordance with 
the present invention. Note that as used herein, a "ma- 
trix" bit body refers to a bit body formed at least in part 
from a matrix material infiltrated with a binder alloy. Ex- 
amples of these infiltrated materials may be found in, for 
example, U.S. Patent No. 4,630,692 Issued to Ecerand 
U.S. Patent No. 5,733,664 issued to Kelley et al. These 
materials are advantageous because they are highly re- 
sistant to erosive and abrasive wear, yet are tough 
enough to withstand shock and stresses associated 
harsh drilling conditions. 

[0027] It should be noted that references to the use of 
specific substfate compositions are for illustrative pur- 
poses only, and no limitation on the type of substrate 
used is intended. As an example, it is well known that 
various metal carbide compositions, in addition to tung- 
sten carbide, may be used. Specifically, other types of 
hardfacing materials may be used to deposit the overiay 
coating, including oxides, nitrides, borides, and other 
materials known in the art. In particular, it is expressly 
within the scope of the present invention that any tran- 
sition metal oxide, transition metal nitride, transition 
metal boride, transition metal carbide, or alloys thereof 
may be used. In addition, while reference is made below 
to a single blade / PDC cutter system, no limitation on 
the scope of the invention is intended thereby. In addi- 
tion, the overiay coating need not be applied to all of the 
exposed braze region "d." but rather only a portion may 
be covered depending on the particular requirements of 
a user. 

[0028] In general, any method of depositing hardfac- 
ing may be used with any suitable hardfacing composi- 
tion so long as the cutter remains undamaged and the 
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braze alloy is not melted sufficiently to cause the cutter 
to be released from the pocket. Further, temperature 
should be closely controlled because, depending on the 
type of hardfacing, the method of deposition, and type 
of PDC cutter, among other factors, some temperatures 
may cause types of damage to the PDC cutter other than 
those described above. Additionally, any method of de- 
positing the hard metal may be used with any suitable 
hard metal so long as the cutter remains undamaged. 
In this embodiment, however, melting the braze alloy is 
not as significant a concern because melting the braze 
alloy may actually improve the bond between the hard 
metal and the drill bit body. 

[0029] Advantageously, the present invention pro- 
vides a method for reducing fluid erosion in PDC bits. 
By preventing erosion of the cutter pockets, the present 
invention improves the durability of PDC bits. Further, 
the present invention advantageously provides a dura- 
ble, extended wear-life PDC bit. 
[0030] While the invention has been described with 
respect to a limited number of embodiments, those 
skilled in the art. having benefit of this disclosure, will 
appreciate that other embodiments can be devised 
which do not depart from the scope of the invention as 
disclosed herein. Accordingly, the scope of the invention 
should be limited only by the attached claims. 



Claims 

1 . A method of increasing a durability of a drill bit hav- 
ing a bit body with at least one blade disposed ther- 
eon, at least one cutter pocket disposed on the 
blade, and at least one cutter disposed in the cutter 
pocket, the method comprising: 

brazing the at least one cutter to the at least 
one cutter pocket so that a braze material dis- 
posed between the at least one cutter pocket 
and the at least one cutter comprises an ex- 
posed surface; and 

overiaying at least a portion of the exposed sur- 
face with a hard facing material, the hardfacing 
material comprising a binder having a melting 
point selected to avoid damaging the cutter. 

2. The method of daim 1 , further comprising: 

re-applying braze material over the hardfacing 
material. 

3. The method of daim 2, wherein the binder compris- 
es the braze material. 

4. A method of increasing a durability of a drill bit hav- 
ing a bit body having a hardfadng layer thereon, 
with at least one blade disposed thereon, at least 
one cutter pocket disposed on the blade, and at 



8 

least one cutter disposed in the cutter pocket, the 
method comprising: 

brazing the at least one cutter to the at least 
5 one cutter pocket, so that a braze material dis- 

posed between the at least one cutter pocket 
and the at least one cutter forms an exposed 
surfece; and 

overiaying at least a portion of the exposed sur- 
10 face with a hardfacing material. 

5. The method of daim 4, vy^erein overiaying compris- 
es depositing the hardfadng material by a high ve- 
locity oxygen fuel spray process. 

15 

6. The method of anyone of daim 1 or 4, wherein the 
hardfadng material comprises tungsten carbide. 

7. The method according to anyone of daim 1 or 4, 
20 wherein overiaying comprises depositing the hard- 
fadng material by welding. 

8. The method acconjing to anyone of claim 1 or 4. 
wherein a first hardfacing material is applied to a 

25 surface of the bit prior to brazing. 

9. The method according to anyone of daim 1 or 4. 
wherein the hardfacing material comprises at least 
one compound selected from the group consisting 

30 of transition metal borides, transition metal car- 
bides, transition metal nitrides, transition metal ox- 
ides, and alloys thereof. 

10. The method of daim 8, wherein the bit body is 
35 formed from steel. 

11. The method according to anyone of daim 1 or 4. 
wherein the bit body is fonmed from matrix material. 

^0 12. The method of daim 4, wherein overiaying compris- 
es depositing a hard^cing powder over the braze 
material, and reheating the braze material. 



13. A drill bit comprising: 

45 

a matrix bit body having at least one blade ther- 
eon; 

at least one cutter pocket disposed on the 
blade; 

so at least one cutter disposed in the cutter pod^et; 

a braze material disposed between the at least 
one cutter and the at least one cutter pocket, 
the braze material having an exposed surface; 
and 

55 a first overiay coating applied ^ver at least part 

of the exposed surfece. 

14. A drill bit comprising: 
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a steel bit body having hardfacing thereon and 

having at least one blade thereon; 

at least one cutter pocket disposed on the 

blade; 

at least one cutter disposed in the cutter pocket; s 
a braze material disposed between the at least 
one cutter and the at least one cutter pocket, 
the braze material having an exposed surface; 
and 

a first overiay coating applied over at least part io 
of the exposed surfece. 

15. The bit according to anyone of claim 13 or 14, 
wherein the first overlay coating comprises at least 
one compound selected from the group consisting is 
of transition metal borides. transition metal car- 
bides, transition metal nitrides, transition metal ox- 
ides, and alloys thereof. 

16. The bit according to anyone of claim 13 or 14. fur- 20 
tiier comprising: 

a second overiay coating deposited on the first 
overiay coating. 

25 

17. The bit of claim 16, wherein the second overiay 
coating comprises the braze material. 
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